Eighty enterococcal isolates (E. faecium, n=38, E. faecalis, n=42) from diseased farm animals (swine, cattle, poultry) in Lithuania have been studied for the prevalence of antibiotic resistance and for resistance and virulence genetic determinants. 86% of E. faecium and 71% of E. faecalis isolates were multidrug resistant (resistant to three or more unrelated antibiotics). Resistance to aminoglycosides, tetracycline and erythromycin was found most frequently in both species (61%, 69%) and was linked to aph(3')-IIIa, aac(6')-Ie-aph(2")-Ia, ant(6)-Ia (aminoglycoside resistance), tetM, tetL (tetracycline resistance), ermA, ermB (erythromycin resistance) gene combinations, which were supplemented with chloramphenicol resistance genes catA7, catA8 (E. faecalis) and catA9 (E. faecium). All E. faecalis isolates harboured genes coding for virulence factors agg, esp, fsr gelE alone or in combinations with the high prevalence of esp gene in isolates from cattle (63%) and pigs (79%). The origin-dependent incidence of agg gene variants prgB and asp1 was observed. The results indicate the existence of a large pool of potentially virulent and multidrug resistant E. faecalis in diseased farm animals posing risk to humans.
Introduction
The importance of multidrug-resistant enterococci as infection agents in animals has not reached the level of human infection and it is still a matter of debate whether enterococci are part of the natural intestinal flora of most mammals and birds. Nevertheless, enterococci have been implicated in a number of infections in animals, mainly mastitis in cattle, diarrhea in swine and cattle, as well as endocarditis and
Correspondence to: V. Šeputienė, e-mail: vaida.seputiene@gf.vu.lt, tel.: +370 5 2398233 septicaemia in poultry (Ok et al. 2009 , Bisgaard et al. 2010 , Nam et al. 2010 . Animal (mouse, rat, rabbit) models have been used for enterococci urinary tract infection and endocarditis studies (Singh et al. 2009 , Thurlow et al. 2010 . Several such studies demonstrated a synergistic virulent interaction between Enterococcus faecalis and other bacteria (Montravers et al. 1997 , Lavigne et al. 2008 .
The mechanisms of antibiotic resistance in enterococci is widely studied, however, pathogenesis is poorly understood even in human infection (Berti et al. 1998 , Roberts et al. 2004 ). Several factors important for virulence have been characterized. Among them, pheromone-inducible multifunctional aggregation substance AS (asa1, prgB, asp1 gene variants and asc10 on pathogenicity island), extracellular surface protein Esp (encoded by esp gene on pathogenicity island), a group of hydrolitic enzymes including hyaluronidase and gelatinase (encoded by the plasmidic hyl Efm gene and chromosomal gelE gene), secreted virulence factor such as cytolisin (encoded by cylL L cylL s genes on pathogenicity island or on the plasmid) and fsr locus, which regulates other genes important for virulence (Kreft et al. 1992 , Rice et al. 2003 , Thurlow et al. 2010 . The antibiotic resistance and virulence genetic determinants of enterococci isolated from food-producing and wild animals have been studied, however, those isolated from diseased animals are little understood (Poeta et al. 2005 , Diarra et al. 2010 , Han et al. 2011 . The aim of this work was to characterize the Enterococcus isolates obtained from diseased farm animals (cattle, swine and poultry) in Lithuania. Antibiotic susceptibility testing and PCR methodology was applied to study the prevalence of genes coding for resistance and virulence determinants.
Materials and Methods

Bacterial isolates
Specimens from 16 animal farms (ten of swine, four of cattle and two of poultry) located in 7 counties (Kaunas, Vilnius, Klaipėda, Tauragė, Alytus, Panevėžys and Utena) of Lithuania were collected during period [2005] [2006] [2007] [2008] and analyzed in this study. Animals of different species were geographically separated with no animal transfer between farms. Diarrhoea was the main manifestation of the disease in all animal species. Rectal and cloacal swabs were taken using cotton swabs with transport media (Transwab, UK) . No antimicrobial drugs were used for animal treatment at least for 2 weeks before taking the samples. Slanetz-Bartley Agar+TTC, Aesculine Bile Agar and Pfizer Selective Enterococcus Agar (Liofilchem, Italy) were used for the isolation and presumptive identification of enterococci. The media were incubated for 48 hours at 35 o C. Final identification was performed using RapID STR identification system (Remel, USA). Results were interpreted using ERIC software (Remel, USA). Only one randomly selected isolate per diseased animal from one herd or flock was used for further testing.
Susceptibility testing
Antibiotic susceptibility testing was performed by the disk diffusion (Kirby-Bauer) test according to the CLSI guidelines (CLSI 2006) . Disks were obtained from Oxoid (UK). The isolates were interpreted as susceptible or resistant according to the clinical breakpoints using CLSI recommendations. High-level resistance was considered for aminoglycosides (see antibiotic concentrations). Intermediate susceptible strains were considered as resistant. The antimicrobials used for the susceptibility testing of Enterococcus spp. isolates were as follows (μg/disk): kanamycin (30 μg), gentamicin (120 μg), streptomycin (300 μg), penicillin (10 U), ciprofloxacin (5 μg), tetracycline (30 μg), chloramphenicol (30 μg), erythromycin (15 μg), vancomycin (30 μg), nitrofurantoin (300 μg). E. faecalis ATCC29212 was used as the reference strain.
Detection of antibiotic resistance and virulence genes
Bacterial colonies were suspended in 100 μl of sterile water, boiled, centrifuged briefly and the supernatants were used as DNA templates in PCR. The following genes were tested: tetL, tetM, tetK, tetO, tetS (tetracycline resistance, Ng et al. 2001), aph(3') IIIa, ant(6) Ia, aac(6') 
Statistical methods
Differences in the prevalence of antibiotic resistance between different groups were assessed using Chi-square or Fisher exact test. A P-value of < 0.05 was considered to be statistically significant. Statistical analyses were performed using GraphPad Prism (GraphPad software, San Diego, USA).
Results
Antibiotics resistance
A total of 80 Enterococcus isolates were recovered from diseased animals. Twelve E. faecium and 27 E. faecalis isolates were recovered from cattle, 9 E. faecium and 14 E. faecalis isolates from swine and 17 E. faecium and one E. faecalis isolate from poultry. Other species of enterococci (E. hirae/durans) were found in low numbers and were not included in this study. Five isolates (6%, of them 3% of E. faecalis and 10% of E. faecium) were susceptible to all antibiotics tested. Table 2 shows the frequency of antibiotic-resistant enterococcal isolates regarding their species and origin. E. faecium and E. faecalis isolates from diseased animals were more frequently resistant to erythromycin (82% and 77%, respectively), tetracycline (82% and 86%), kanamycin (68% and 81%), streptomycin (60% and 83%) and less frequently resistant to ciprofloxacin (39% and 29%). Chloramphenicol and gentamicin-resistance was more frequent among isolates of E. faecalis, as compared to E. faecium (33% versus 11% and 40% versus 18%, P<0.05), whereas incidence of penicillin-resistant E. faecium was as higher compared to E. faecalis (63% versus 2%, P<0.05). Significant part of E. faecalis and E. faecium isolates were resistant to kanamycin, streptomycin or to all aminoglycosides tested (38% and 42%). Multidrug-resistant (resistant to three or more unrelated antibiotics) were 86% of E. faecium and 71% of E. faecalis isolates. Forty seven percent of E. faecium and 21% of E. faecalis isolates were resistant to five or more antibiotics. Resistance to aminoglycosides, erythromycin and tetracycline, was most frequent in both E. faecium (61%) and E. faecalis (69%). Vancomycin-resistant enterococci were not detected in this study.
In general, the prevalence of enterococci resistant to different classes of antibiotics was similar within three animal groups tested, except for poultry isolates, which were more susceptible to streptomycin than isolates from pigs and cattle (78% versus 17% and 10%, 
a -K, kanamycin, G, gentamicin, S, streptomycin, E, erythromycin, T, tetracycline, C, chloramphenicol, Cp, ciprofloxacin, P, penicillin; b -DNA sequence not determined.
P<0.05). Also, isolates from pigs were more susceptible to ciprofloxacin (96% versus 61% and 50%, P<0.05) and E. faecium isolates from cattle were more frequently susceptible to nitrofurantoin (92% versus 35% and 33%, P<0.05). All isolates of E. faecalis were susceptible to nitrofurantoin irrespectively of animal group.
Antibiotic resistance genes
Antibiotic resistance genes were studied by PCR and results are summarized in Table 3 
Virulence genes
The present study revealed various combinations of genes coding for virulence factors in E. faecalis isolates (Table 4) . No such genes were found in E. faecium isolates. Especifically, agg, esp and fsr gelE genes were identified in 50% (21/42), 67% (28/42) and 69% (29/42) of E. faecalis isolates, respectively. Sequencing of agg-specific amplicons showed that ten and seven isolates carried prgB-like (99% identity) and asp1-like (99% identity) gene, respectively. The variant of agg gene was not defined for four isolates. Most likely, these isolates carried two different agg variants. Thirty one percent (13/42) of E. faecalis isolates carried four virulence genes (agg, esp, fsr and gelE) and most of them (N=11) have been recovered from diseased cattle. Interestingly, most of these isolates were gentamicin-susceptible, while gentamicin-resistant isolates had mainly esp (16/17) gene and genes coding for agg (5/17) or fsr gelE locus (5/17). None of the enterococci isolates had cylL and hyl Efm .
Discussion
Eighty isolates of E. faecium and E. faecalis were obtained from the cattle and swine with the symptoms of diarrhoea in this study. We did not determine all aetiological agents, whereas diarrhoea in calves is commonly caused by ETEC or Rota-virus, Corona-virus (Ok et al. 2009 ). However, several studies showed that commensal enterococci play an important role in animal infection. Single Enterococcus spp. or mixed infections were detected in faeces taken from the diarrheic neonatal calves (Ok et al. 2009 ). Post-mortem findings revealed valvular endocarditis and septicemia caused by E. faecalis or E. faecium in hens and broiler (Hedegaard et al. 2009 , Bisgaard et al. 2010 . Enterococci have been shown to increase virulence potential during a polymicrobial infection in animal models suggesting a synergistic efect between enterococci and virulent bacteria (Montravers et al. 1997 , Lavigne et al. 2008 . Altogether, the data show that the role of enterococci in animal infection could be underestimated and not investigated.
This study demonstrates that enterococci isolated from diseased farm animals in Lithuania were most frequently resistant to aminoglycosides (streptomycin, neomicin and kanamicin), tetracyclines (including doxycycline), and macrolides (tylosin). These antibiotics were the most intensively used during the last decade in animal treatment. The lack of antimicrobial policy in previous years in the country led to uncontrolled usage of critically important antimicrobial agents such as fluorochinolones (enrofloxacin) which were introduced on a large scale leading to a high prevalence of resistant enterococcal isolates in certain animal groups (41% and 67% of isolates from diseased poultry and cattle, respectively). We observed the high percentage of isolates resistant to gentamicin, an antibiotic of human importance, among E. faecalis recovered from diseased cattle and pigs (30% and 64%, respectively). Gentamicin is used parenterally for mammals only, however, gentamicin resistant E. faecium poultry isolates were identified in this study. Chloramphenicol was banned for treatment of production animals in the country since 1997, however, 44% of E. faecalis cattle isolates were chloramphenicol-resistant. The antimicrobial resistance of commensal enterococci isolated from livestock and poultry products in Lithuania was investigated recently (Ružauskas et al. 2009 , Ružauskas et al. 2010 . Importantly, resistance rates observed in this study are higher, indicating that the emergence of resistant strains in diseased animals could be promoted by the pressure of antibiotics used for animal treatment and metaphylaxis (aminoglycosides, tetracyclines, tylosin and fluoroquinolones). Improper use of animicrobial agents can lead to the failure of treatment in the presence of multidrug-resistant bacteria.
Various antibiotic resistance mechanisms leading to enzymatic modification of the target, antibiotic itself or drug efflux, have been described and well documented in enterococci. Resistance genes identified in this study are similar to those reported earlier in enterococcal isolates of different origin: animals, food and clinical isolates (Aarestrup et al. 2000 , Poeta et al. 2006 , Abbassi et al. 2007 , Diarra et al. 2010 ). This is not surprising, since resistance determinants are shown to reside on highly transferable plasmids or transposons and are believed to be effectively exchanged between enterococci of different origin as demonstrated in animal model and in human intestine (Lester et al. 2006 , Dahl et al. 2007 .
It is of interest to note that most of the E. faecalis isolates harboured at least one gene coding for virulence factor. Thirty one percent of E. faecalis isolates had four of such genes. The esp gene coding for enterococcal surface protein was frequently detected, in contrast to other studies where high prevalence of gelE gene, coding for zinc-metalloprotease, has been reported (Poeta et al. 2005 , Diarra et al. 2010 , Han et al. 2011 . The virulence gene esp has been shown to reside on a large pathogenicity islands (PAI) of E. faecium and E. faecalis (McBride et al. 2009 ). The Esp protein is expressed on the surface of the bacteria and is important for initial adherence during biofilm formation and urinary tract colonization (Heikens et al. 2007 ). In our study high prevalence of esp was determined in E. faecalis isolates from diseased pigs (79%) and cattle (63%), similar to that reported in clinical isolates, but not in isolates of animal origin (Hallgren et al. 2009 ). esp-positive E. faecium isolates were believed to be limited to hospital-acquired clones, however such isolates from swine and environmental samples were described recently, but not obtained in this study (Layton et al. 2009 ).
The virulence gene esp has been proposed as a marker of the presence of the PAI (Shankar et al. 2006) . However, we did not observe other PAI-borne genes contributing to virulence, asc10 (aggregation substance) and cytL (cytolisin), in esp-positive isolates. This is in agreement with other studies showing that enterococcal PAI appears to be highly variable in gene content and might even be truncated (Shankar et al. 2006 , McBride et al. 2009 .
In this study 50% of E. faecalis isolates were identified to possess agg gene coding for another important multifunctional virulence factor, aggregation substance (AS) of E. faecalis. The AS protein mediates adherence to different intestinal epithelial cells and cultured renal tubular cells, survival in polymorphonuclear leukocytes and macrophages (Sartingen et al. 2000) . Several gene variants of agg are known: asp1, prgB, asa1, located on pheromone-inducible conjugative plasmids (pPD1, pCF10, pAD1, respectively) and asc10, located on PAI. All gene variants encode enterococcal AS protein which directs tight contact between donor and recipient cells enabling the plasmid transfer at high frequency during conjugation (Kozlowicz et al. 2006) . The incidence of agg virulence gene was reported to range between 26.5% and 79% in E. faecalis isolates from chicken, wild animal feaces and clinical isolates, (Poeta et al. 2005 , Hallgren et al. 2009 , Han et al. 2011 . Plasmid-borne prgB-like and asp1-like genes were found in E. faecalis in this study. Interestingly, prgB-like gene prevailed among isolates from cattle, whereas asp1-like gene was most frequent among isolates from swine. AS proteins, encoded by asp1, prgB, asa1, share over 90% amino acid sequence homology, although their variable region displays only 30-40% similarity (Wirth 1994) . There are no published data regarding specificity of the interaction of AS with eukaryotic host proteins. Some indirect evidences for this come from the observations that different AS proteins, encoded by asa1 and prgB, bind differently to eukaryotic extracellular matrix proteins (Rozdzinski et al. 2001 , Chuang et al. 2009 ). The AS protein, encoded by asa1, was clearly shown to contribute to endocarditis in rabbit but not in the rat (Berti et al. 1998 , Chuang et al. 2009 ). These data suggest that the interaction specificity between bacterium and eukaryotic cell, aided by AS proteins, could result in the prevalence of E. faecalis with particullar AS-carrying plasmid in the host of certain species.
In this study 69% of E. faecalis isolates were found to carry both gelE and fsr loci, in agreement with other studies on E. faecalis isolated from broiler chickens, swine, cattle and wild animals (Poeta et al. 2005 , Macovei et al. 2009 , Diarra et al. 2010 , Han et al. 2011 . Zinc-metalloprotease, encoded by gelE, cleaves a broad range of substrates and appears to contribute to biofilm formation and pathogenesis of endocarditis caused by E. faecalis (Thurlow et al. 2010) . Expression of gelE requires regulatory system encoded by the closely located fsrABDC operon (Hancock and Perego 2004) . fsr locus has been shown to activate expression of a variety of other genes likely involved in virulence. The role of gelE and fsr loci in E. faecalis virulence has been demonstrated in mammalian infection model (Mohamed and Murray 2006) . The presence of gelE fsr virulence genes appears to be common in isolates from both healthy and diseased animals as shown in this and other studies (Poeta et al. 2005 , Macovei et al. 2009 , Diarra et al. 2010 , Han et al. 2011 .
Present phenotypic and genotypic study shows high prevalence of antibiotic resistance and the PAIand plasmid-encoded virulence genes in enterococci isolates from diseased farm animals in Lithuania. Interestingly, E. faecium from production animals is considered not a human hazard because most of E. faecium isolates causing outbreaks in hospitals belong to clonal complex CC17, whereas isolates recovered from animals belong to other clonal complexes. For E. faecalis the situation appears different as the isolates of the same sequence type have been detected both in human and animal origin (reviewed in (Hammerum et al. 2010 ).
In conclusion, the existence of a reservoir of the Enterococcus spp., which can be implicated in causing infections in animals, calls for careful monitoring due to possible transmission of genetic elements conferring resistance and virulence from animal to human pathogenic strains or vice versa.
